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FIELD OF THE INVENTION 

The invention relates in general to a flexographic printing system and, in 
particular, to an apparatus and method to ensure proper metering of the volume of ink on 
the anilox cells of an anilox roll. 

BACKGROUND OF THE INVENTION 

Flexography is a unique printing process, developed primarily for printing 
packaging and other industrial materials. Packaging materials typically are supphed and 
processed in roll form, hence flexographic printing systems have developed using various 
configurations of rolls to feed these materials into the system. The materials on such rolls 
are often referred to in the art as a web or substrate. U.S. Pat. No. 4,878,427, the 
specification of which is incorporated herein by reference, describes various devices and 
mechanisms utiUzed in such systems. For example, one such system described therein is 
the simplest and most common form of the flexographic printing systems, consisting of 
four basic parts: doctor roll, anilox roll, plate cylinder, and impression cylinder. The 
mechanisms of this system are further described in this specification. 

The ink used in flexographic systems has traditionally been thin, highly fluid, and 
rapid drying. The type of ink used on a particular job, however, may possess different 
properties. For example, when newer inks are requested or required for printing, they 


often contain greater pigmentation, and therefore have greater viscosity. The 
flexographic printing system does allow for more viscous or paste-type inks that are 
formulated from resins and may be either solvent or water reducible, but their use can 
affect the performance of the system. 

Historically, the inking system of a flexographic printing group was often 
configured m the prior art using several rolls. As shown in U.S. Pat. No. 4,878,427, for 
example, these rolls were a doctor roll (sometimes called a rubber roll), an anilox roll, a 
printing cylinder, and an impression cyUnder. The doctor roll, generally made of natural 
or synthetic rubber, is rotated through an ink reservoir and coated with ink. The doctor 
roll is configured to rotate against the anilox roll. The rotation and contact between the 
anilox and doctor rolls acts to transfer the ink from the doctor roll to the anilox roll. The 
anilox roll is usually made of metal or ceramic coating and is covered with anywhere 
from 80 to over 1200 tiny cells per lineal inch, called anilox cells. Ink is delivered into 
these cells by the considerable pressure created at the point of contact between the doctor 
roll and the anilox roll. The pressure created by the interaction of these rolls is important 
to meter the amount of ink deHvered into the cells and ultimately to the printing cylinder. 
In this configuration, the pressure also eliminates excess ink from the surface of the 
anilox roll, leaving the ink primarily in the cells. 

The printing cylinder sits between the anilox roll and the impression cyhnder. 
The exterior of the printing cylinder is wrapped with the printing plate, which is often 
adhered to the cylinder using double-sided adhesive tape and holds the template of the 
design desired to be printed. The anilox roll rotates against the printing cylinder, coming 
into contact with the printing plate. This action causes the anilox roll to supply the 
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desired amount of ink to the printing plate. Regulating this supply of ink is of particular 
importance. The web or substrate is fed into the system at the point where the printing 
plate contacts the impression cylinder. The ink from the printing plate is impressed onto 
the substrate as it rolls around the impression cylinder, which serves as a support. The 
contact pressure between the anilox roll and the printing cylinder is generally set as light 
as possible such that the material to be printed on is not over inked and the resulting 
image blurred. It follows that the metering of ink delivery into the anilox cells is very 
important to producing the desired resulting image. If too much ink permeates the cells, 
the plate is over-inked; too little ink will cause the plate to be too dry and no acceptable 
image will be made on the substrate, a situation known as ink starvation. 

There have been variations on the basic flexographic printing system in the prior 
art. One such variation adds a "doctor blade" to the anilox roll just beyond the ink 
metering location where the doctor roll rotates against the anilox roll. Its purpose is to 
shave the surface of the anilox roll to remove surface ink and insure a more controlled 
delivery of ink to the printing plate. The doctor blade is often adjustable to allow more or 
less contact with the anilox roll and to compensate for variations in the roll's diameter. 
In the traditional four roll flexographic system, the doctor blade acts as an additional ink 
metering device in conjimction with the pressure between the doctor roll and the anilox 
roll. The pressure forces ink into the anilox cells and the doctor blade increases the 
accuracy of the ink delivery system to the printing plate. 

Another variation eliminates the doctor roll altogether. As described in the '427 
patent, an ink appUcator pumps a heavy flow of ink to the anilox roll jfrom a remote tank. 
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A doctor blade is positioned just beyond the applicator. An ink reservoir pan serves as a 
catch basin below the anilox roll for funneling ink back to the remote ink tank. 

Both of these systems present significant disadvantages. Yet another variation that 
has been tried utilizes an ink chamber that is set up beneath and in conjunction with the 
doctor blade. This system has a closed chamber that is filled with ink through an ink tube 
and pumped in from a remote ink tank. The pressure in the chamber may be adjusted to 
keep the anilox cells filled to the desired volume by adding or removing ink using the 
tube system. 

As technology has evolved^ ultra violet, solvent based, and stocked water based 
inks have become more popular. These inks have a higher viscosity than the standard 
water based ink. This poses difficulties for the three cylinder flexographic system 
because the higher viscosity of the inks makes it more difficult to fill the anilox cells to 
the desired volume. There is no pressure means in such a system which would force the 
thicker, more viscous inks to fill the anilox cells to the desired volume. As a result, less 
ink is impressed onto the printing plate than is needed and ink starvation often occurs. 
When the anilox roll is rotated through the ink applicator at certain speeds, the transfer of 
the ink from the appKcation tray to the anilox cells becomes completely erratic. 
Moreover, the viscosity of the ink presents a great disadvantage to the system that 
employs a pump system. The tubes that feed the chamber from the remote ink tank 
become clogged with more viscous inks and require constant cleaning. Cleaning in this 
system is very difficult and required maintenance in excess over the cost of using it. The 
present invention eliminates this problem and the problem of ink starvation found in the 
prior art by providing an economic alternative to prior art systems. 
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OBJECTS OF THE INVENTION 

The disclosed embodiment of the present invention consists of a dual-doctor blade 
assembly that can accurately meter ink delivery to the anilox cells on the anilox roll of a 
flexographic printing system. The system utiUzes a retractable dual-blade configuration 
in conjunction with an ink chamber and a gap between the lower doctor blade and the 
anilox roll. The entire configuration can be adjusted for anilox rolls of various diameters. 
The upper blade in this system contacts the anilox roll at a point after its rotation through 
the application tray and scrapes ink from the surface of the anilox roll directly into the ink 
chamber. As the chamber fills with ink, the hydraulic pressure created by the spinning of 
the anilox roll increases to a point where the anilox cells are filled to the appropriate 
volume. The gap created between the lower doctor blade and the anilox roll serves two 
fimctions. As ink is drawn up on the anilox roll and in the anilox cells from the 
application tray, the gap allows ink to pass into the area of the anilox roll that is exposed 
to the ink ch^ber. The gap then also allows ink to be expelled from the chamber when 
a critical hydrauUc pressure inside the chamber is reached, hi this way, the apphcation of 
the appropriate volume of ink into the cells is self-regulating, saving time and 
maintenance costs. 

RT^TEF TIESCRTPTTON OF THE. DRAWINGS 

The invention, together with further objects and advantages, may be best 
understood by reference to the following description taken in conjunction with the 
accompanying drawings, in the several Figures ui which like reference numerals identify 
like elements, and in which: 
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FIG. 1 is a schematic depiction of a flexographic printing system utilizing four 
cylinders fomd in the prior art; 

FIG. 2 is a schematic depiction of a flexographic printing system utihzing three 

cylinders found in the prior art; 

FIG. 3 is a side view of the doctor blade configuration and ink chamber utiHzed in 

the present invention; 

FIG. 4 is an ahemate view of FIG. 3 with a filled mk chamber demonstrating the 
situation when critical hydraulic pressure is reached in the chamber; and 

FIG. 5 is a perspective view of the doctor blade system, the ink chamber, and the 
adjusting mechanism described in the present invention. 

DFTATT FD DESCRIPTTON OF THE DRAWINGS 

In the traditional flexographic design, shown in FIG. 1, the doctor roll 1 rotates 
through an ink reservoir or ink tray where it becomes coated with a thin film of printing 
ink or other coating material. The material is apphed to the anilox roll 3 by the pressure 
created as the doctor roll 1 rotates agamst the anilox roll 3 at their point of contact 2. The 
anilox roll 3 is an engraved steel or ceramic roll which is used to meter the amount of ink 
delivered to the printing plate 5 via, for example, tiny dots or indentations on its surface, 
the anilox cells. The number of these cells per lineal inch and the volume of ink within 
each cell will determine the amount of ink delivered to the printing plate 5. The anilox 
roll 3 continues to rotate and the excess ink is removed by the scraping action of the 
doctor blade 4. There is a finely metered film of ink remaining on the anilox roll 3 and in 
the anilox cells after this point. This ink is transferred to the raised surface of the printing 
plate 5 held on the printing cylinder 6. The substrate or web 8 travels between the 
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printing cylinder 6 and the impression roll 7. The impression roll 7 supports the web 8 as 
it contacts the printing plate 5 and picks up the precisely measured ink on the plate. 

FIG. 2 shows a modification of FIG. 1 where the doctor roll has been eliminated 
from the configuration in favor of rotating the anilox roll 3 directly through an 
appUcation tray or ink tray 9. As is known in the art, this system operates in essentially 
the same way as the traditional system, but eliminates the doctor roll. The anilox roll 3 is 
coated with ink from the ink fray 9, filling the anilox cells with printing ink. The anilox 
roll 3 rotates against the doctor blade 4 which removes excess ink from the surface of the 
anilox roll 3, leaving ink primarily in the anilox cells to be carried to the printing cylinder 
6. The pressure between the anilox roll 3 and the printing cylinder 6 causes the ink to be 
transferred to the printing plate 5. The plate 5 contacts the web 8 as it travels between the 
impression cylinder 7 and the printing cylinder 6. The transfer of ink from the printing 
plate 5 to the web 8 creates the desired resulting image on the web. 

As is known in the art, the pressure and alignment between the rolls is critical to 
the quahty of the image created on the web or subsfrate. Generally, except for the 
pressure between the doctor roll and the anilox roll, the contact pressure between the rolls 
is kept extremely light and may be adjusted through mechanisms taught in the prior art. 
The pressure between the doctor roll and the anilox roll, however, is a different concern 
because of the need to utilize this pressure to cause an effective fransfer of ink into the 
anilox cells. 

The amount of ink in the anilox cells is of a particular concern. The ink on a 
specific printing project must be accurately metered to account for differences in the 
viscosity of the ink, the speed of rotation of the cylinders, and the type of subsfrate to be 


7 


printed upon. The flexographic system in FIG. 1 accounts for this need by using the 
pressure between the doctor roll 1 and the anilox roll 3 to push ink into the anilox cells at 
a metered rate reflecting these variables. However, the configuration in FIG. 2 is 
inadequate to deal with the more viscous inks used commonly in felxographic systems 
today. While this arrangement is well suited for use with standard water based ink 
traditionally used in flexographic printing systems, the use of more viscous inks results in 
ink starvation. 

Solutions to the problem of ink starvation would be to either revert back to using 
the tradition four-cylinder flexographic system, or use a pressurized ink chamber and 
tube system to supply the pressure needed to fill the anilox cells. Both of these options 
add to the cost of using and maintaining the flexographic system, and neither is as 
effective at metering the amount of ink injected into the anilox cells with respect to 
changes in viscosity, speed of rotation, and type of substrate. 

FIG. 3 shows a detailed side view of one embodiment of the dual doctor blade 
system of the present invention. As in the prior art, the anilox roll 3 rotates through an 
ink pan or tray 9 where the anilox cells 10 are coated with a thin film of ink. In the 
example shown here, the anilox roll 3 may have a diameter between 3.82 inches and 5.09 
inches, but the system may be modified and scaled to accommodate diameters of 
different sizes, as those skilled in the art will recognize. The anilox roll 3 rotates 
clockwise past the lower blade 11 where a gap 12 between the lower blade and the anilox 
roll allows ink into the ink chamber 13. The upper blade 14 is supported on an assembly 
mount 15 and is held firmly in place by a series of knobs 16 which, when tightened, press 
the support block 17 more firmly agamst the upper blade 14, squeezing it between the 
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mount 15 and the block 17. In this way, the blade can be held stiffly at an angle x 
degrees measured against the vertical axis, although best performance occurs when this 
angle is between 19 and 30 degrees. Upper blades of varying blade widths may be 
inserted between the support block 17 and the assembly mount 15, but generally range in 
size between and 7/8 inch wide for best results. In this context, the term "blade width" 
refers to the dimension that is perpendicular to both the axis of rotation and the length of 
the anilox roll. 

The lower blade 11 is attached at the opposite end of the moimt 15. In this 
embodunent, it forms an angle with the vertical that mirrors the angle formed by the 
upper blade, however the angle of the lower blade may vary widely and still produce 
optimal results. The lower blade 11 does not contact the anilox roll 3. Rather it is set 
such that there is a gap 12 between the blade and the anilox roll. This gap 12 serves both 
the function of allowing ink to enter the ink chamber 13 and expelling ink from the 
chamber when a critical pressure is reached. In this embodiment, this gap is shown at 
.090 inches, however gaps of different sizes are possible for other embodiments of the 
invention. Ideally, the gap will vary in size from 1/50 inch to 1/8 inch, depending on the 
width of the upper blade 14. 

The ink chamber 13 in this diagram has a height of 1-1/2 inches and a depth of 
1 9/64 inches. The length of the chamber 13 is equal to the length of the anilox roll 3 but, 
like its other dimensions, varies with the size and scale of the embodiment of the 
mvention. Typically, an anilox roll may be between 10 and 32 inches wide, but the ink 
chamber is capable of accommodating all desired widths. The height and depth of the 
chamber 13 is proportional to the diameter of the anilox roll 3 used in the printing 
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process, but a smaller volume chamber is preferred because it fills to the critical volume 
faster and facilitates printing time. 

In the current embodiment, an arc of 31/32 inch of the anilox roll 3 is shown 
exposed to the ink chamber 13. The length of the arc 17 exposed to the pressure inside 
the chamber 13 determines the accuracy of the volume at which the anilox cells 10 are 
filled. Hence, the more time a cell is exposed to the inside of the chamber, the more 
likely it is to be filled to its maximum capacity. In this way, the chamber 13 is a 
mechanism that insures ink permeates the anilox cells 10 to the desired volume. 

FIG. 4 shows the doctor blade assembly when the hydraulic pressure in the ink 
chamber 13 has reached a critical point. As the flexographic system is started, the 
chamber 13 is empty. Generally, as the anilox roll 3 rotates through the ink tray 9, it 
becomes coated with ink and the anilox cells 10 have a minimum volume of ink that they 
carry with them. This ink is carried through the gap 12 until the anilox roll 3 contacts the 
upper blade 14, which can be adjusted to provide the proper pressure on the anilox roll 3, 
in a manner known by those of ordinary skill in the art. As the upper blade 14 shaves off 
excess ink from the surface of the anilox roll 3, that ink is captured in the mk chamber 13 
leaving only the maximum volume of ink allowed in the anilox cells 10 to be transferred 
onto the printing plate. As the amount of ink in the chamber 13 increases, so does the 
hydraulic pressure within the chamber. This pressure creates a hydraulic effect, forcmg 
the ink firom the chamber 13 into the cells 10 and out of the gap 12 created by the lower 
blade 11, allowing excess ink to be expelled from the chamber automatically. As the 
pressure within the chamber 13 increases, ink will be expelled through the gap 12 at an 
mcreasing rate. Eventually, however, the pressure withm the chamber 13 will reach an 
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equilibrium, thereby maintaining a pressure to force ink into the cells 10 without the use 
of costly pumping or hosing equipment that need to be continuously cleaned. 

FIG. 5 is a perspective illustration of an example of a mechanism for adjusting the 
doctor blade assembly. In this embodiment, the mount 15 for the assembly is held to a 
seal 27 inside of a seal frame 18 by three screws 19 on each side. The seal 27 functions 
to insure the integrity of the pressure inside the ink chamber 13. The upper blade 14 is 
held in between the seal frame 18. Four knobs 16 also hold the upper blade 14 in 
between the mount 15 and the support block 17 to insure correct positioning of the upper 
blade for the appropriate amovmt of contact with the anilox roll 3. The knobs 16 also 
allow for the insertion of blades that vary in blade width. The width of the lower gap will 
depend on the width of the upper blade selected. 

Attached to the back of the mount 15 is a cross bar 20 that holds the entire doctor 
blade assembly. The cross bar 20 is attached to a carrier block 21 by a pair of screws 26 
on each side. The carrier block 21 has a threaded rod 22 attached which is held to the 
holding block 23 by a nut 25. The holding block 23 maintains the adjusting knob 24. 
Each side of the block 23 has thrust bearing to make sure the knob 24 turns freely. The 
adjusting knob 24 is used to move the entire doctor blade assembly forward or backwards 
as needed to compensate for varying diameters of the anilox roll 3 and to ensure proper 
alignment of the upper blade 14 with the anilox roll. 

The invention is not limited to the particular details of the apparatus depicted 
here. Certain changes may be made in the above described apparatus without departing 
from the true spirit and scope of the invention herein involved. It is intended, therefore, 
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that the subject matter in the above depiction shall be interpreted as illustrative and not in 
the limiting sense. 
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